Background: New therapies that could modify the disease course of Huntington's disease (HD) are entering clinical trials. However, conceptions about clinical research from the HD community are unknown. This knowledge could help inform patient-clinician discussions surrounding clinical trial participation. Objective: The purpose of this study was to assess clinical trial attitudes and understanding in the HD community. Methods: We developed a survey incorporating two measures of trial understanding and attitudes and the impact of therapeutic route of administration on hypothetical trial participation. The survey was distributed via emails, flyers, and social media through HD-related organizations. Results: There were 73 responses. Individuals self-reported as clinically diagnosed with HD, gene positive but asymptomatic, or primary caregivers. Respondents viewed clinical trials positively and generally viewed trials as safe. Individuals with prior HD-related research experience were less likely to have negative expectations about trials than those without research experience (p = 0.002), and women had higher information needs than men (p = 0.001). Individuals with HD were more likely than the other groups to experience therapeutic misconception (p = 0.002). All respondents were able to appraise risks and benefits of research but exhibited optimism about trial outcomes. Willingness to participate was highest when the route of administration was minimally invasive. Conclusions: While the HD community views clinical trials positively, patients with HD are at high risk for therapeutic misconception and all groups are optimistic about trial outcomes. Limitations of this study include a small sample that may be inclined to view research positively given past trial participation and interest in participating in HD surveys. However, the findings from this study can be used to strengthen informed consent during HD clinical trial recruitment.
INTRODUCTION
Huntington's disease (HD) is an autosomal dominant, neurodegenerative disorder resulting in progressive motor skill deterioration, cognitive decline, and psychiatric disturbances [1] . HD is caused by a triplet repeat expansion in the huntingtin (HTT) gene that results in production of a mutant protein that accumulates in the striatum of the basal ganglia, leading to progressive neuronal dysfunction and death [2] . Current treatment for HD is focused on symptomatic management, though there are several potential disease-modifying therapeutic agents in development that could possibly modify the course of HD by decreasing the amount of mutant HTT protein in the brain. Reduction of mutant and total HTT protein in the central nervous system has been suggested to improve HD-related symptoms in several animal models. An antisense oligonucleotide (ASO) targeting HTT pre-mRNA is currently being tested in human clinical trials [3] [4] [5] [6] .
The prospect of disease-modifying therapies for HD offers hope after a long history of trial failures. Historically, only 3.5% of HD trials have progressed to the next phase [2] . However, it is not well understood what those in the HD community think or understand about clinical trials. Research examining views of the general public on various diseases suggests that positive views regarding clinical research generally correlate with motivation to participate in trials [7] [8] [9] [10] . However, therapeutic misconception, wherein an individual does not understand that the primary purpose of research is to produce generalizable knowledge and not for their own personal benefit, is relatively common in the general public [9, [11] [12] [13] [14] . Therapeutic misconception is concerning because it precludes the ability of a potential participant to provide truly informed consent [13, 15] . Misunderstanding of the research process can also result in therapeutic misestimation, in which an individual cannot realistically assess the benefits and risks of research participation, and can cause excessive optimism about outcomes (therapeutic optimism) [9, 13, 15] .
There is concern that patients with severe or fatal conditions are susceptible to exposing themselves to higher research risks in hopes of finding a cure [16] . Members of the general population are more likely to indicate interest in trial participation if they are asked to imagine being diagnosed with a fatal disease [9] . Patients with severe neurodegenerative conditions such as amyotrophic lateral sclerosis (ALS) are less concerned with therapeutic side effects and trial burdens than those with less severe conditions and are highly optimistic about study outcomes [14, 17] . Studies in Parkinson's disease (PD) have suggested that patients with PD are at risk for therapeutic misconception [18] . Similar to ALS and PD, HD is a severe condition with minimal management options. A preliminary study of individuals in the HD community prior to the start of ASO trials found that while awareness of the clinical research process is low, willingness to participate is high [19] . A more recent study found that those in the HD community harbor positive views toward trials and find the prospect of improving their own quality of life to be a motivating factor for trial participation [20] . Given the unknown safety profile and invasive nature of current disease-modifying therapies in development for HD, it is critical to assess how individuals impacted by this condition weigh the benefits and risks of participating in research [21, 22] .
In the coming years, the HD community will need to have an accurate understanding of the research process to make informed decisions regarding trial participation. Clinicians are responsible for discussing the outlook of HD research with patients, connecting families to trials, and managing expectations regarding trial outcomes [23, 24] . The present study sought to assess clinical trial attitudes and understanding in the HD community in order to help prepare clinicians for discussions about participation in HD clinical trials.
MATERIALS AND METHODS
This study was reviewed and approved by the Institutional Review Board at Stanford University.
Participants
The target population consisted of individuals who self-reported as clinically diagnosed with symptomatic HD ("diagnosed with HD"), gene positive but clinically asymptomatic ("gene positive"), or primary caregivers of an individual with HD. All respondents were over the age of 18 years, spoke English, and lived within the United States. All respondents reported completing the online survey without assistance from another individual.
Recruitment
A multifaceted recruitment approach was employed. The survey was advertised directly to potential participants via advertisements on HD-related websites (the Huntington's Disease Society of America (HDSA) research blog, HDSA survey website), social media (HDSA, HD Facebook groups), email listservs (HDSA and the Huntington's Disease Youth Organization), and flyers handed out at the HDSA Team Hope walk in San Francisco (October 2018) and the HD Clinic at Stanford Medical Center in Stanford, CA. The survey was also advertised via email to HDSA support group leaders and to clinicians who see families with HD via the Huntington Study Group listerv and the National Society of Genetic Counselors' Neurogenetics Special Interest Group online forum. Respondents were recruited between October 11, 2018 and January 26, 2019. Given the multifaceted nature of the recruitment effort, it is not possible to estimate how many people viewed the recruitment materials. While the study was advertised across the United States, the in-person recruitment was in Northern California, USA.
Instrumentation
A survey was developed using Qualtrics software to examine attitudes and understanding towards a hypothetical HD clinical trial. The survey was designed with input from two genetic counselors and one physician with clinical expertise in HD, piloted on a former caregiver of a patient with HD, and reviewed and edited by the HDSA. Items in the survey included relevant demographic variables (see Table 1 ). Primary caregivers were also asked to select how they are related to the individual with HD and whether they are at-risk for developing HD. To assess clinical trial attitudes and understanding, two measures were employed (the PACT 22 Clinical Trial Attitudes Scale and the Therapeutic Misunderstanding Scale). An adapted version of each scale, wherein each statement was made to be specific to HD, was employed for this study. Respondents were asked to imagine a hypothetical scenario in which they or the individual with HD were considering participation in a HD clinical trial. Respondents then were asked if they agreed with each statement on a five-point Likert scale. The statements were randomized for all respondents. Finally, respondents were asked to rate their willingness to participate in a clinical trial on a 5point Likert scale based on the route of administration of the hypothetical therapy (oral, nasal, injection or infusion into the arm, injection into the brain, injection into the spinal column, and injection into the eyeball).
PACT 22 clinical trial attitudes scale
The PACT 22 Clinical Trial Attitudes scale assesses patient views and attitudes towards clinical trials [25] . PACT 22 consists of 22 statements divided into five subscales with good internal consistency: [25] . Permission to use the PACT 22 scale was granted by the copyright holder, the Picker Institute Europe, Oxford, UK.
Therapeutic Misunderstanding Scale
The Therapeutic Misunderstanding Scale (TMU) consists of 20 statements that measure three related factors: therapeutic misconception (failure to understand research methodology and that the primary purpose of research is to produce generalizable knowledge), therapeutic misestimation (overestimation of trial benefits or underestimation of trial risks), and therapeutic optimism (wherein respondents may understanding the research process, but remain highly hopeful about trial outcomes). The scale has good internal consistency (Cronbach's alpha scores of 0.75-0.83) [15] . Adaptations of this scale have been used to assess therapeutic misunderstanding in PD and epilepsy [18, 26, 27] . High scores (e.g., agreement) on each subscale indicated that an individual may be at-risk for therapeutic misconception, misestimation, or optimism, respectively [15] . Permission to use the TMU scale was granted by the author, Dr. Norm O'Rourke.
Data analysis
Data were analyzed using IBM SPSS version 25.0. For statistical analysis, each question was assessed based on the number of participants who completed the question. Responses were included for participants who completed both scales. Descriptive statistics were used to summarize all variables measured and are presented as mean ± standard error of the mean (SEM) unless otherwise indicated. For sta-tistical analysis of the PACT 22 and TMU scales, each statement was assessed based on a numerical score between 1 and 5, with 1 representing "Strongly Disagree" and 5 representing "Strongly Agree." Cronbach's alpha was used to assess reliability within each subscale. Subscale scores were calculated via the means of each statement within the specific subscale [15, 25] . Comparisons between groups were made using a Student's t test for comparisons between two groups or one-way ANOVA with a Tukey HSD or Games-Howell post-test for comparison between three groups. As this study was initially designed as a descriptive study, a conservative value of p < 0.01 was considered significant.
RESULTS

Participant characteristics
A total of 73 participants completed the survey. The demographics of the respondents are summarized in Table 1 . Primary caregivers comprised the largest group (42.5%), followed by gene positive asymptomatic individuals (30.1%) and individuals with HD (27.4%). The majority of respondents were female (82.2%) and had participated in a HD-related clinical research in the past (65.8%).
The majority of primary caregivers indicated that they care for their spouse or significant other (61.3%), followed by their parent (19.4%) or their child (12.9%). A minority indicated that they care for their sibling or other family member (6.4%). Of the 31 primary caregivers who completed the survey, n = 4 (12.9%) were also at-risk to develop HD. N = 4 (18.2%) of the 22 gene positive individuals were also caregivers.
Clinical trial attitudes
Clinical trial attitudes were evaluated using the PACT 22 scale (Supplementary Tables 1A-E) [25] . In general, respondents viewed clinical trial participation positively ( Supplementary Tables 1A-E Respondents were asked to rate their agreement with each statement on a five-point Likert scale, ranging from 1 = Strongly Disagree to 5 = Strongly Agree. Subscale scores were calculated via the means of each statement within the specific subscale. Comparisons between groups were made using a Student's t test or one-way ANOVA. B) Females had higher information needs surrounding clinical trial participation (M = 4.20, SD = 0.53) than males (M = 3.63, SD = 0.55); t(71) = 3.40, p = 0.001. C) Individuals with past HD research participation were less likely to have negative expectations about trial participation (M = 2.29, SD = 0.62) than those without past research experience (M = 2.79, SD = 0.67); t(71) = 3.16, p = 0.002. The graphs shows average subscale scores ± standard error of the mean (SEM).
to protect participants (M = 3.92, SD = 0.52). There was good internal consistency for the Positive Beliefs (␣ = 0.637), Information Needs (␣ = 0.604), and Negative Expectations (␣ = 0.732) subscales, but not for the Safety (␣ = 0.368) and Patient Involvement (␣ = 0.377) subscales.
The mean scores from each subscale were analyzed by the participant characteristics detailed in Table 1 . One-way ANOVA did not identify any significant differences between the respondents' self-reported relationship to the HD community (diagnosed, gene positive, or primary caregiver) and attitudes toward clinical trials. Females had higher information needs surrounding clinical trial participation (M = 4.20, SD = 0.53) than males (M = 3.63, SD = 0.55); t(71) = 3.40, p = 0.001 (Fig. 1B) . Past participation in an HD observational study or clinical trial was also associated with trial attitudes. Indi-viduals with past HD research participation were significantly less likely to have negative expectations about trial participation (M = 2.29, SD = 0.62) than those without past research experience (M = 2.79, SD = 0.67); t(71) = 3.16, p = 0.002 (Fig. 1C) .
Therapeutic misunderstanding
Understanding of clinical research was evaluated using the Therapeutic Misunderstanding (TMU) scale ( Supplemental Tables 2A-C) . There was good internal consistency of responses for the Therapeutic Misconception (␣ = 0.863), Therapeutic Misestimation (␣ = 0.870), and Therapeutic Optimism (␣ = 0.788) subscales. One-way ANOVA was conducted to compare responses between individuals who were diagnosed with HD, gene positive, or caregivers. There was a significant difference in the Therapeutic Misconception score between the three groups [F(2,70) = 6.584, p = 0.002] (Fig. 2) . The Games Howell test indicated the mean score for individuals with HD (M = 3.44, SD = 0.77) was significantly greater than both gene positive respondents (M = 2.62, SD = 0.78, p < 0.01) and caregivers (M = 2.71, SD = 0.87, p < 0.01). The scores between gene positive respondents and caregivers were not significantly different. Respondents with HD agreed with statements that suggested the main reason for research participation was for personal benefit and that the care during the course of a clinical trial was similar to that received during typical clinical care. In contrast, gene positive respondents and caregivers generally disagreed with these statements. In general, this indicates that individuals with HD are significantly more likely to experience therapeutic misconception than the other groups. Of note, all three groups agreed with the statement "this clinical trial is conducted mostly to gather knowledge about HD" ( Supplementary Table 2A ).
There were no significant differences in the Therapeutic Misestimation and Therapeutic Optimism scores between the three groups. Respondents from all three groups were able to correctly assess the risks and benefits of trial participation (therapeutic misestimation). Respondents also disagreed with the concept that trial participation would cure an individual's HD and expressed uncertainty about the guarantee of personal benefits to trial participation. Finally, all respondents were optimistic and hopeful about trial outcomes (Supplementary Tables B-C, Fig. 2 ). Mean TMU subscale scores were compared between the other participant characteristics collected in this study and no additional significant differences were identified.
Impact of route of administration on trial participation
The impact of therapeutic ROA on clinical trial participation was evaluated by asking respondents to rate how different ROAs would impact their willingness to participate in a hypothetical trial for HD. The most recent therapeutic agents in clinical development for HD are delivered via the spinal column [3] . The majority of participants indicated that they would participate if a therapy was administered orally, through the nostrils, or via injection or infusion in the arm. Willingness to participate decreased across the cohort when the ROA was an injection or infusion through the spinal column, brain, or eyeball The TMU scale included 20 statements organize into three subscales: Therapeutic Misconception, Therapeutic Misestimation, and Therapeutic Optimism [15] . Respondents were asked to rate their agreement with each statement on a five-point Likert scale, ranging from 1 = Strongly Disagree to 5 = Strongly Agree. Subscale scores were calculated via the means of each statement within the specific subscale. Comparisons between groups were calculated using one-way ANOVA [F(2,70) = 6.584, p = 0.002] with the Games-Howell post-test. The mean score for individuals with HD (M = 3.44, SD = 0.77) was significantly greater than both gene positive respondents (M = 2.62, SD = 0.78, p < 0.01) and caregivers (M = 2.71, SD = 0.87, p < 0.01) The graph shows average subscale scores ± standard error of the mean (SEM). Asterisks (*) indicate a significant difference compared to the other two groups. (Fig. 3) . Paired-samples t tests indicated that willingness to participate was significantly lower when the ROA was invasive (spinal column, brain, or eyeball) relative to the noninvasive modalities (oral, nasal, or arm, p < 0.001). Among the invasive ROAs, respondents were least likely to participate if the ROA was via the brain or eyeball as compared to injection or infusion into the spinal column (p < 0.001). There were no significant differences in responses between the participant characteristic groups.
DISCUSSION
The results from this study reveal that individuals with HD, gene positive individuals, and caregivers harbor positive views about clinical research and believe that those with HD should participate. However, we also found that among the HD community, individuals with HD are at high risk for therapeutic misconception and the community as a whole is highly optimistic about clinical trial outcomes. While this study is one of the first to assess trial attitudes and understanding in HD, our findings reflect research derived from patient populations with other neurological conditions, wherein trials are generally viewed positively and misconceptions surrounding research persist [7-10, 17, 18, 27] . Collectively, the results from this study have implications for both HD trial recruitment and the informed consent process.
We found that members of the HD community view clinical trial participation positively, similar to previous reports in both HD and PD [18, 20] . During initial development of the PACT 22 scale, patients with cancer and asthma were more likely to agree to participate in research if they had high Positive Beliefs, Patient Involvement, and Safety scores and a low Negative Expectations score [28] . Our research supports this pattern, suggesting those in the HD community are willing to take part in hypothetical research. However, our research also emphasized that our cohort desires as much information as possible about the research process before agreeing to participate, and this should be taken into account during trial recruitment researcher-participant conversations. Interestingly, females in our study had higher information needs than men. While this may indicate that females require more details about a clinical trial prior to providing consent, future work is required to explore this possibility given the small sample size of this study. There is limited data surrounding gender differences during trial recruitment and consent, and more research in this area is required. Of note, individuals who have previously been involved in HD-related research viewed the trial process more positively than individuals who were new to clinical research. Given this finding, clinicians and researchers may consider a patient's past experiences when discussing trial opportunities, noting that those with minimal research experience may have more concerns to address.
While attitudes regarding clinical trials were generally positive in our cohort, willingness to participate in research decreased as the invasive nature of a hypothetical intervention increased. These findings support recent research that invasive procedures decrease the likelihood an individual at risk for or diagnosed with HD will enroll in a clinical trial [20] . This is of interest given that upcoming clinical trials for HD involve therapeutics that are administered via injection into the spinal column (intrathecally) or into the brain [3, 6] . Researchers should anticipate concerns about invasive procedures during trial recruitment and be prepared to discuss their associated burdens and risks with patients.
Patients affected by or at-risk for serious conditions may expose themselves to greater research risks in the hope of curing their illness or improving their quality of life [13, 16, 17, 21] . Similar tendencies may underlie the positive attitudes of the HD population toward clinical research and trial participation [17] . It is therefore particularly important to address misunderstandings around the clinical research process with patients who have severe, fatal conditions in order to ensure that patients and their caregivers are making informed decisions about whether or not to take part in research. Our study found that individuals with HD were significantly more likely to experience therapeutic misconception than gene positive individuals or caregivers. Interestingly, those with HD generally agreed with the statement "this clinical trial is conducted mostly to gather knowledge about HD," but also agreed with statements suggesting they did not understand the difference between research and standard clinical care. This is concerning, because it draws into question whether the respondents with HD can consent to taking part in research versus pursuing standard of care only. However, it is reassuring that while all respondents in our study were highly optimistic about potential trial outcomes, they were generally able to make realistic assessments regarding possible risks and benefits of trial participation.
It is not known why those with HD experienced a higher degree of therapeutic misconception than the other groups in this study. It appears contradictory that respondents with HD would understand the basic premise of research (to gather knowledge about HD) but score high on the misconception scale. Given that respondents with HD were able to assess risks and benefits of research, higher therapeutic misconception scores may represent a de-emphasis on the differences between standard of care and research that results from the fact that there are no diseasemodifying options available to patients with HD. This issue has been raised in clinical trials for children with severe, fatal diseases, wherein parents are at risk for therapeutic misconception because of the lack of alternative treatment options [29] .
Though we were not able to evaluate the cognitive capabilities of the respondents, it is also possible that the impact of HD on cognition reduces the ability to make clear distinctions between standard of care and research. This raises the question of who should provide consent in HD research, particularly given the uncertainty of when cognitive symptoms of HD truly begin [1] . Past work in dementia and Alzheimer's disease supports a model in which those with mild to moderate cognitive impairment are involved in the decision-making process to enroll in a trial and provide assent, but that their surrogate decision maker be the one to provide consent [21, [30] [31] [32] . There are few studies that evaluate the consent process in HD. One study of individuals with HD and their surrogate decision makers evaluating longitudinal comprehension of consent over the course of a trial found that both individuals with HD and their decision makers understood the nature of research and had similar comprehension scores at enrollment. However, these scores decreased in participants with HD over a year. This led the authors to recommend that individuals with HD provide consent if initial evaluations suggest comprehension of the research process, but that a surrogate decision maker step in when appropriate [21] .
Overall, there is limited research available that evaluates therapeutic misconception in patients with or at-risk for cognitive impairment and in their surrogate decision makers. It is also challenging to assess when an individual is no longer able to provide their own consent [32, 33] . The finding that those with HD are at a high risk for therapeutic misconception supports the need for more research in this area. Our results suggest that clinicians and researchers should take extra care to mitigate misconceptions about research with individuals who have HD. This includes spending time discussing the clinical trial process and purpose of research with HD patients. Given the high degree of optimism in our study population as a whole, we also recommend that these conversations set realistic expectations about the outcomes of research in order to mitigate future disappointment and assist in the decision-making process. We expect that those in the HD community will be open to in-depth conversations about trial participation in both the clinical and research settings, given the high information needs identified in this study. Finally, we agree with the recommendations set forth by De Langavant et al. that investigators should evaluate HD patients for comprehension of the study material, consent, and decision-making capability during enrollment and during the trial itself [21] .
There are several limitations to this study. First, the sample was small and predominantly female, and the study was advertised via organizations that promote awareness of HD research. The study population was therefore likely more familiar with the research process than the broader HD community. Two-thirds of our study population had also previously taken part in an HD-related research study, which may increase the likelihood that the respondents were aware of the clinical trial process, limiting generalizability of the results. Furthermore, individuals who view trials negatively, who have had negative experiences in research, or who generally do not participate in clinical trials may have been less likely to respond to an advertisement for an HD-related survey. The respondents' interest in participating in this research was itself a source of bias, as the willingness to participate may indicate a higher likelihood to have positive views toward HD-related research. Second, respondents were also asked to self-report their diagnosed, gene positive, or caregiver status and we were not able to verify the cognitive status of the respondents. Additional research is required to evaluate the impact that cognitive status has on clinical trial attitudes and understanding. Many individuals in the HD community could also self-identify with more than one of the categories analyzed in this study; the sample size was not large enough to examine the impact that these factors had on study responses. Finally, respondents were asked to anticipate how they would feel in hypothetical situations surrounding clinical trial participation, and they may feel differently when faced with the actual choice to participate in research. Further research could explore whether receptiveness to hypothetical research participation holds true among a more representative sample of the community or those who are asked to enroll in an actual clinical trial.
In conclusion, this study suggests that the HD community views clinical trials positively and is interested in participating in therapeutic research. Attitudes toward clinical trials and willingness to participate may be influenced by past experience with HD research and the invasiveness of the study procedure. While the population as a whole is interested to take part in HD research, individuals with HD are at high risk for therapeutic misconception and the community appears highly optimistic about the outcomes of HD research. The findings from this study can be used to improve HD clinical trial recruitment and strengthen the informed consent process (Box 1). Clinicians and researchers should take extra care to ensure that those with HD understand the goals of research and should set realistic expectations about the outcomes of research with all involved. Box 1. Recommendations for HD Investigators 1. Emphasize the distinction between research and clinical standard of care; consider a patient's past experiences with clinical research when discussing trial opportunities 2. Evaluate patients and caregivers for misunderstandings around the clinical research process 3. Anticipate questions and concerns surrounding more invasive ROAs 4. Provide patients & caregivers with both written & verbal information about the study; keep in mind that females may require more details than males
